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Abstract: To determine the effect of salt stress on seed germination of Leymus species, seeds of Leymus
racemosus (Lam.) Tzvel., Leymus angustus (Trin.) Pilger, Leymus multicaulis (Kar. et Kir.) Tzvel., Leymus
duthiei (Stapf) Y. H. Zhou et H. Q. Zhang and Leymus secalinus (Georgi) Tzvel. were treated with NaCl
solutions of different concentration: 0 mmol/L, 100 mmol/L, 200 mmol/L, 300 mmol/L, 400 mmol/L and 500 mmol/L
and the germination rate, germination index, time of seeds beginning to germinate, the growth of radicle and
plumule were observed. The results showed that (1) the germination percentage and germination index of the
five species of Leymus were declined with increasing salinity; (2) the times for seeds to germinate and complete
germination were prolonged under high salinity stress; (3) the growth of radicle and plumule has been
descended with the intensifying of the salt concentration; (4) plumule was more sensitive to salt stress than
radical; (5) salt-tolerant ability of L. duthiei was the highest among the five Leymus  species,   while   that   of
L. angustus  was the lowest; (6) the tolerance of L. multicaulis surpassed that of L. secalinus and L. racemosus.

Key words: Leymus  Salt stress  Seed germination

INTRODUCTION (Savul.  &  Rayss)  Á.  Löve  and  Hordeum  spontaneum

Wheat (Triticum aestivum L.) is one of the most the modern genetic engineering and distant hybridization
important food  crops  in  the  world.  More  than 500 development, it is able to transfer this salt tolerance
million tons are produced annually worldwide and per characteristic to wheat [8, 9]. Therefore, wild salt-tolerant
capita consumption averages as high as 1.5 kg per day. wheat relatives are the important resources for breeding
However, wheat is facing the reduction with 8-10% salt-tolerant wheat crops.
production every year due to salt effect throughout the Leymus  Hochst.,  a  polyploid  perennial  genus  of
world [1]. About 7% of the world’s total land area is the  tribe  Triticeae  (Poaceae), is  valued  gene  pool  for
affected by salt and the area is still increasing as a result crop and forage breeding. Leymus includes about 30
of irrigation or land clearing(FAOSTAT). There are about species that distribute in a wide range of ecological
2.56 million ha of saline soils distributed in north, habitats over the temperate and subtropical and tropic
northwest, northeast and other regions of China, alpine  regions.  All  the  Leymus  species  are  considered
accounting for about 8% of the whole farming land, which to be allopolyploids (tetraploid, hexaploid, octoploid,
result in a loss half of national average wheat productivity decaploid  and  dodecaploid)  with  two  basic  genomes,
[2]. In attempt to improve the productivity on saline soil, Ns and Xm. The Ns was originated from Psathyrostachys,
the traditional measure is adopting organic fertilizer or Nevski while  Xm  represented  a  genome  of  unknown
irrigation. Such measure not only cost too much but also origin [10-18].   The   natural   habitats   of   Leymus
has no significant impact. Recent studies have focused on species range from coastal to inland areas, including
the identification of salt tolerant wheat relatives. The use saline or alkaline  lands,  dry  or  semi-dry   areas,   as   well
of wheat relatives adapted saline environments for the  as shady and  moist  forests  [19].  In  this  study,  the
improvement of the productivity on saline soil is effects  of  salinity  on  seed  germination  of  five  species
considered to be much more efficient [3, 4, 5]. It has been of Leymus were examined and the salinity tolerance of
reported that some wild species from the closely related radicle and plumule during seed germination were
species of wheat such as Thinopyrum bessarabicum discussed.

K. Koch are less sensitive under salt stress [6, 7]. Using
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Table 1: The materials used in this study

Species Acceesion Number Origin

L. racemosus PI272134 Former Soviet Union

L. angustus Y116 Xinjiang,China

L. multicaulis PI499520 Kazakhstan

L. duthiei ZY2004 Sichuan,China

L. secalinus Y0506 Xinjiang,China

MATERIALS AND METHODS

Materials: Five Leymus species, including Leymus
racemosus (Lam.) Tzvel. , Leymus angustus (Trin.) Pilger,
Leymus multicaulis (Kar. et Kir.) Tzvel., Leymus duthiei
(Stapf) Y. H. Zhou et H. Q. Zhang and Leymus secalinus
(Georgi) Tzvel. were used in this study. The acceesion
number and origin of these species were listed in Table 1.
The plants and voucher specimens of all the materials
have been deposited at the perennial nursery and
Herbarium of the Triticeae Research Institute, Sichuan
Agricultural University, China (SAUTI).

Methods: For each species, groups of 2×50 viable seeds
were sown onto two layers of filter paper in 15-cm petri
dishes. The filter paper was moistened with 10 ml NaCl
solutions of different concentrations (0 mmol/L as the
control, 100 mmol/L, 200 mmol/L, 300 mmol/L, 400 mmol/L
and 500 mmol/L). Each dish was covered with a lid and
transferred to GXZ intelligent light incubator with
fluorescent lamps that provided visible radiation of
3334lux over a 16-hour day at 25°C and a 9-hour night at
16°C, approximating the average daily maximum and
minimum temperatures recorded in soil during the growing
season [20, 21, 22]. The water was added each day to
maintain unaltered concentrations. Seed germination
number was counted from the third day and on the same
time afterwards. Meanwhile, the germination rate, seed
relative germination rate as well as time of seeds
beginning to germinate and germination index were
recorded. All statistical analyses were performed with the
SPSS statistical package and Excel.

RESULTS

Effect on Germinate Rate under Salt Stress Conditions:
The germination rate of five Leymus species under
different NaCl concentrations was shown in Table 2. It is
clear  that the  germination  rate  was    decreased
gradually with increasing the levels of salinity (Figure 1).
The  monadic  regression  analysis  was  conducted on
the germination rates data, which indicated the
germination rate of L. racemosus, L. angustus, L.
multicaulis, L. duthiei and L. secalinus was decreased by
0.115%, 0.049%, 0.167%, 0.126% and 0.143% with every
one more 1 mmol/L NaCl concentrations, respectively
(Table 3). As seed relative germination rate as concerned,
L. duthiei was over 50% higher than any of other four
species in 300 mmol/L. L. duthiei, L. multicaulis exhibited
less inhibition under salt stress, while L. secalinus was
not as high as expected, for which critical value was close
to L. racemosus. The results showed the salinity tolerance
limit  of the former was 264 mmol/L and the latter was 261
mmol/L.  L. angustus is the most sensitive specie to
salinity with the salinity tolerance limit below 200 mmol/L.
The order of salt tolerance of five Leymus species was as
follows:   L.     duthiei,    L.    multicaulis,    L.   secalinus,
L. racemosus and L. angustus.

Effect on the Time of Seeds Beginning to Germinate
under Salt Stress Conditions: The initiation of
germination   in    salt   stress   was   markedly   delayed.
As be shown  in  Table 4,  all   of   the   five   species
began  to sprout in  distilled water (Control) after 3 days.

Fig. 1: Relative germination rate

Table 2: Germination rate (%) of five Leymus species under different NaCl concentrations

Concentration (mmol/L) L. racemosus L. angustus L. multicaulis L. duthiei L. secalinus

0 78 42 96 98 70

100 52 22 90 96 66

200 44 20 88 90 44

300 26 18 40 74 24

400 24 16 28 48 12

500 18 12 26 42 6

Germination rate (%) =germinated seed number/ seed number×100%
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Table 3: The   relationship   between   salt   concentration   and  five

Leymus species on germination rate

Species Aregression equation F R2

L. racemosus Y=69.048-0.115X 40.03 0.909

L. angustus Y=33.810-0.049X 11.59 0.743

L. multicaulis Y=103.048-0.167X 28.78 0.878

L. duthiei Y=106.095-0.126X 44.68 0.918

L. secalinus Y=72.857-0.143X 107.51 0.964

R square is the coefficient of determination of regression analysis, the greater

the value, the better of the regression is scattered

Table 4: The time of seeds begin to germinate (day) of five Leymus species

under different NaCl concentrations

Species 0 100 200 300 400 500

L. racemosus 3 3 3 3 8 8

L. angustus 3 3 3 4 4 4

L. multicaulis 3 6 6 7 9 9

L. duthiei 3 3 4 4 6 9

L. secalinus 3 3 6 6 9 19

Exposing to 100 mmol/L Nacl, the delay of initiation of
germination first occurred  in  L.  multicaulis, whereas
those of the other four species showed no difference
compared with the control. Exposing to 200 mmol/L and
300 mmol/L, apart from L. racemosus, the start time on
seed germination of remaining four species have been
delayed  to  some  extent.  Exposing   to 400 mmol/L and
500 mmol/L, L. secalinus result in the maximum change
amplitude, since the start time on seed germination was
prolonged to the 9  day and 19  day respectively. Theth th

order of impact of salt stress for five Leymus species was
as  follows:   L.   multicaulis,   L.   secalinus,   L.   duthiei,
L. angustus and L. racemosus.

Effect on Germination Index under Salt Stress
Conditions: It is thought that germination index is one of
the most important index in seed germination on account
of its indication of consistency between seed germination
speed and field emergence. These five species showed
different responses for the germination index in the same
NaCl concentration (Figure 2). L. duthiei emerged neatly
better  than  other  four species. Likewise, it got the
highest germination index and next was L. multicaulis and
 L.  racemosus. Although   the   germination   rate  of L.
secalinus is higher than that of L. angustus, the
germination index is lower. According to the change
amplitude  under  salt  stress,  the  order  of  germination
index size  was  as  follows:  L.  duthiei,  L.  multicaulis,
L. racemosus, L. angustus and L. secalinus.

Fig. 2: Effect on germination index under salt stress
Germination index(Gi) =  (Gt /Dt)

Effect on the Growth of Radicle and Plumule under Salt
Stress Conditions: It is evident that the growth of radicle
and plumule had been affected in salinity. In particular,
radicle might be more sensitive. Moreover, the radicle
tends to be thin and weak. For example, L. racemosus had
bending  radicle  and abnormal coleoptile in 100 mmol/L
and 200 mmol/L. In 300 mmol/L and above concentration,
after emerging to germinate, most seeds appear to have
the arrest of growth. On the condition of 100 mmol/L, the
growth of the radicle and plumule of L. angustus was
totally retarded, while 14.58% of germinated seeds seemed
to be abnormal and the growth of plumule was prior to the
growth of radicle for L. duthiei. Like L. duthiei, the case
that the growth of radicle was prior to the growth of
plumule only occured in the controls.

DISCUSSION

It has been reported that salt stress can effect seed
germination [23, 24, 25]. Salt stress destroys the integrity
of cytoplasmic membrane, which lead to the cell membrane
permeability declined or even lost. At the same time, plant
cells under salt stress increase the cellular concentrations
of Na  to toxic levels and restricting the uptake of the+

macroelement K  [26]. This leads to sharp decrease in the+

cytosolic K /Na  ratio and causes salt sensitivity. Salinity+ +

tolerance clearly depends on sustaining the cytosolic
environment that balanced Na and K  concentrations.+ +

Previous literatures reported that lower salinity
significantly  increased  seed  germination  percentage
[e.g.  Puccinellia  tenuiflora  (Griseb.)  Scribn.  et  Merr,
54 mmol/L NaCl [27];  Ryegrass, Kalidium and  Suaeda,
54 mmol/L NaCl [28]. In present study, this phenomena
did not occur. For five Leymus species, seed germination
decreased significantly with increasing salinity.

Salt stress results in lower water potential that makes
the plant has difficulties in absorption. The initial seed
germination  time  is  postponed,   the   germination  index
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reduced due to salt stress. Li et al. [29] found that with 4. Chen, D.M. and R.P. Yu, 1998. Salt tolerance and ion
rising levels of salinity, seed germination index is in the characteristics of different wheat varieties under salt
overall downward trend and initial germination time is stress. Soil Sci., 35(1): 88-93.
extended by investigating different barley varieties. In this 5. Zhu, Z.H. and R.H. Hu, 1996. The impact of salt
study, seed germination index is subject to varying stress on different wheat varieties of seed
degrees of inhibition, the salt treatment significantly germination. Crop Germplasm Res., 1: 25-29.
prolonged seed germinating time. This may be increased 6. King, I.P. and B.P. Forster, 1997. Introgression of
Na  destruct the ion balance, so regulating the K / Na salt-tolerance genes from Thinopyrum bessarabicum+ + +

value requires a certain time for the adaptation of this into wheat. New Phytol., 137: 75-81.
process of the salt environment. 7. Forster, B.P., J.R. Russell and R.P. Ellis, 1997.

Salt stress will affect the growth of radicle and Locating genotypes and genes for abiotic stress
plumule to a certain degree. Li et al. [29] found that apart tolerance in barley: a strategy using maps, markers
from inhibiting the growth of radicle and germ, salt stress and the wild species. New Phytol., 137: 141-147.
particularly has severe impact on the radicle,  in  which a 8. Dubcovsky, J., A.F. Galvez and J. Dvorak, 1994.
lot of rootless deformity seedlings are produced [21]. Comparison of the genetic organization of the early
Similarly, under five kinds of salt treatment, it is observed salt-stress-response gene system in salt-tolerant
that radicle length is shorter and the plumule growth is Lophopyrum elongatum and salt-sensitive wheat.
abnormal. The result that the growth of the plumule is Theor. Appl. Genet., 87: 957-964.
always ahead of the growth of radicle indicating the 9. Forster, B.P., T.E. Miller and C.N. Law, 1988. Salt
radicle is more sensitive than plumule is just in accord tolerance of two wheat-Agropyron junceum disomic
with those of other studies in salt treatment. addition lines. Genome, 30: 559-564.

In conclusion, it is a complex process for plant 10. Shiotani, I., 1968. Species differentiation in
representing its salt tolerance under salt stress and the Agropyron, Elymus, Hystrix and Sitanion.
size of its salt tolerance is the overall performance of a Proceedings of the 12  Internaional Congress of
variety of metabolism. Integrated relative germination rate, Genetics,  The  Science  Council  of  Japan,  Tokyo,
germination index and initial germination time indicators pp: 184. 
for analysis, salt-tolerant ability of L. duthiei was the 11. Dewey, D.R., 1984. The genomic system of
highest  among  the  five  Leymus  species,  the tolerance classification as a guide to intergeneric hybridization
of  L. multicaulis  surpassed  that  of   L.   secalinus  and with the perennial Triticeae. In: Gustafson, J.P. (edit),
L. racemosus and that of L. angustus was in the lowest. Gene Manipulation in Plant Improvement. Plenem
However, when the ability of the salt tolerance of the Press, New York, pp: 209-279.
plants were evaluated, relative germination rate, 12. Löve, À., 1984. Conspectus of the Triticeae. Feddes
germination index, initial germination time as well as Repert, 95: 425-521.
physiological and biochemical indicators should be 13. Zhang, H.B. and J. Dvorak, 1991. The genome origin
analyzed and at the same time more different species and of tetraploid species of Leymus (Poaceae: Triticeae)
populations should be chosen, so that salt tolerance can inferred from variation in repeated nucleotide
be reflected accurately. sequences. Am. J. Bot., 78: 871- 884.
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